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ABSTRACT
We present V(RI)C data for thirteen Cepheids in the Large Magellanic Cloud
and eight in the Small Magellanic Cloud. The total number of new measures is
fifty-five in each wavelength band. The median uncertainty in the photometry is
±0.03 mag. These results supplement a larger photometric program by Moffett,
Gieren & Barnes (1998) which contained 1000 measures (±0.01 mag) in each
wavelength band on 22 variables with periods in the range 8–133 days.
Subject headings: Magellanic Clouds — Cepheids — stars: fundamental
parameters (magnitudes, colors)
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1. Introduction
This is the fourth paper in a program to determine distances to the Large and Small
Magellanic Clouds using the visual surface brightness technique. This technique provides
Cepheid distances which are essentially independent of reddening and are independent of
the PLC relation and its calibration. The visual surface brightness technique requires radial
velocities and photometric values of high quality. Fortunately there are velocity curves for
fourteen LMC and eight SMC Cepheids from the work of the CORAVEL group (Imbert
et al. 1985, 1989) and from Caldwell et al. (1986). On the other hand, existing BV(RI)C
photometry of these stars (Caldwell et al. 1986; Caldwell & Coulson 1986) samples the light
curves too sparsely for our analysis, hence our present program to improve the available
photometry.
In Paper 1 we demonstrated the surface brightness technique for distance determination
on HV 829 in the SMC using preliminary photometric data (Barnes, Moffett, & Gieren
1993). For HV 829 we obtained a distance modulus of 18.9 ± 0.2 mag. Because HV 829
may not lie at the centroid of the SMC, this may not be the mean distance to the SMC.
In Paper 2 we presented new Cousins BV(RI)C photometry of fourteen Magellanic
Cloud Cepheids and eight Small Magellanic Cloud Cepheids which yielded light curves of
high quality, consistent with the quality of the radial velocity curves (Moffett, Gieren &
Barnes 1998) and sufficient for surface brightness analysis.
In Paper 3 we used the new photometry and existing radial velocities to determine
radii for sixteen Magellanic Cloud Cepheids and to compare those radii with results for
Galactic Cepheids (Gieren, Moffett & Barnes 1999).
In this paper we present additional Cousins V(RI)C photometric data for all but one
of the stars in Paper 2. The present data were actually the first to be obtained in our CCD
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observing program, but because the observing program shifted to another telescope for all
subsequent runs, the present data became ‘orphaned’ and have only now been reduced for
publication. A follow-up paper will use the full set of photometry to determine individual
Cepheid distances from the visual surface brightness technique. These data are also useful
for other distance techniques, e.g . the infrared flux method.
2. Data Acquisition
The observations were acquired at Las Campanas Observatory, Chile, in the period 2 -
10 October 1990, using the 61 cm (f/15) Helen Sawyer Hogg Telescope of the University of
Toronto Southern Observatory. (We regret to say that the University of Toronto Southern
Observatory no longer exists.) The data system was a Photometrics 512 x 512 CCD with
20 micron pixels providing a 3.9 arc minute field of view. We observed with Cousins system
filters V(RI)C.
Integration times for the standard stars ranged from 0.4 sec to 12 sec; integration times
for the Cepheids ranged from 10 sec to 900 sec.
Flat field observations were made on a dome flat every night and on evening twilight
sky on two nights.
Useful data were obtained on six nights of the nine nights; four nights were photometric
and two were partly cloudy.
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3. Data Reduction
The CCD frames were reduced using standard IRAF1 procedures (Tody 1993).
Shutter timing corrections were made using an approximation appropriate to this CCD
system kindly provided by Ian Shelton. The images were bias–corrected and flat–fielded
using the twilight sky flats. We employed the DAOPHOT (Stetson 1987) package within
IRAF to obtain instrumental magnitudes in these generally crowded fields by selecting a
number of well–sampled stars in uncluttered regions to compute the point spread function.
In the Cepheid fields, up to twenty comparison stars, chosen from those calibrated in Paper
2, were also measured.
Each night extinction pairs from the list of Barnes & Moffett (1979) were observed,
and on the photometric nights standard stars from the list of Landolt (1992) were observed.
Atmospheric extinction corrections and transformation terms were determined within
IRAF. Mean transformation coefficients were formed and applied to all nights to reduce the
data to the standard Cousins system.
Each Cepheid measurement was adjusted in zero point differentially against the mean
of the comparison stars in its field. This not only improved the quality of the Cepheid
measures but also permitted observations from the two partly cloudy nights to be reduced
to the standard system. Mean values for the comparison stars were adopted from the results
in Paper 2 and were not re-determined here. The number of comparison stars used for an
image varied from two to twenty with a median of ten. Iterative two–sigma rejection was
used to discard outliers in the comparison star measures. The median number discarded
1IRAF is distributed by the National Optical Astronomy Observatories, which are
operated by the Association of Universities for Research in Astronomy, Inc., under
cooperative agreement with the National Science Foundation.
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was one comparison star, and the maximum number was six of twenty comparisons.
4. Photometric Results
Table 1 gives our photometric results. Separate Julian Dates are given for each
passband because of the long integration times in some of the exposures.
Table 1
The uncertainty σ given for each Cepheid is the standard deviation in the comparison
star values on the appropriate image. Because comparison star magnitudes (on the
Cousins system) were adopted from Paper 2, the scatter in their individual measures
about the adopted means is a reasonable representation of the uncertainty in a single
stellar magnitude measurement on that image, incorporating the errors in magnitude
determination, atmospheric extinction and transformation to the standard system. The
Cepheid was almost always the brightest star on the image making the quoted uncertainties
conservative estimates. The median standard deviation in the comparison star measures is
±0.043 mag. in V , ±0.033 mag. in RC , and ±0.034 mag. in I C .
A check on how well the present photometry fits the photometric system of Paper 2
was made by comparing the values in Table 1 to the light curves in Paper 2. We formed
a difference (Table 1 minus Paper 2) for all measures in Table 1 which fell within 0.02 in
phase to a value in Paper 2. Based on thirty-five differences we found ∆V = 0.006 ±0.050
mag. ∆R = 0.009 ±0.034 mag. and ∆V = 0.005 ±0.034 mag. The current photometry
clearly match the V(RI)C photometric system of Paper 2. This is also illustrated in Fig. 1.
Fig. 1
The scatter in these differences is a measure of the combined uncertainties of Table 1
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and Paper 2. Removing in quadrature the uncertainty of ±0.01 mag. quoted in Paper 2,
the uncertainties for Table 1 are estimated to be ±0.049 mag. in V , ±0.032 mag. in RC ,
and ±0.032 mag. in I C. These are nearly identical to the uncertainties from the scatter in
comparison star measures on-frame and thus confirm that our adopted uncertainties are
realistic.
The present results do not achieve the quality of those in Paper 2, which were based
on data using CCD/filter systems on the CTIO 0.9 m telescope. This may be attributed to
the more compressed plate scale and smaller field size (fewer comparison stars) on the 0.6
m, a less refined image calibration procedure at the telescope in this first observing run,
and fewer nights of data from which to calibrate the photometric system. The importance
of these measures lies principally in the phase gaps which they fill in the overall data set.
Fig. 2
The data reported here have been added to the McMaster Cepheid
Photometry and Radial Velocity Data Archive maintained by Doug Welch at URL
http://www.physics.mcmaster.ca/Cepheid/.
These observations were made possible by a generous allotment of observing time from
the University of Toronto. TGB thanks Pablo D. Prado for training on the telescope and
CCD system, Brian Beattie for converting the magnetic tapes to Exabyte tape, and Ian
Shelton for help with the shutter correction. Financial support is gratefully acknowledged
from NATO Grant 900494 (TGB) and from McDonald Observatory. The hospitality of the
Las Campanas Observatory is gratefully acknowledged.
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Fig. 1.— The V light curve and (V-R)C and (V-I)C color curves for the SMC Cepheid HV
1338 (P = 8.5 days), the faintest star in our sample. Crosses are used for photometry from
Paper 2 and filled symbols for photometry from this paper (Table 1). Phases are computed
from the arbitrary epoch HJD 2440000 using the period determined in Paper 2.
Fig. 2.— The V light curve and (V-R)C and (V-I)C color curves for the LMC Cepheid HV
2338 (P = 42.2 days). The observation at phase 0.62 lies in a crucial phase interval. Crosses
are used for photometry from Paper 2 and filled symbols for photometry from this paper
(Table 1). Phases are computed from the arbitrary epoch HJD 2440000 using the period
determined in Paper 2.
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TABLE 1
Photometry of Magellanic Cloud Cepheids
Cepheid HJDa V σ HJDa RC σ HJD
a IC σ (V–R)C (V–I)C
LMC
HV 879 173.861 13.905 0.041 173.866 13.279 0.032 173.869 12.767 0.034 0.626 1.139
HV 883 172.844 11.775 0.045 172.846 11.209 0.050 172.848 10.765 0.046 0.566 1.010
HV 899 168.859 14.031 0.058 168.864 13.441 0.021 168.868 12.901 0.017 0.590 1.130
HV 899 173.890 12.752 0.064 173.894 12.475 0.007 173.897 12.125 0.065 0.277 0.627
HV 900 169.861 12.994 0.052 169.857 12.399 0.037 169.855 11.887 0.030 0.595 1.106
HV 900 173.829 13.141 0.052 173.825 12.552 0.014 173.822 12.027 0.017 0.589 1.114
HV 909 173.854 12.448 0.012 173.850 12.089 0.029 173.848 11.735 0.034 0.360 0.713
HV 2257 172.890 13.649 0.069 172.887 13.049 0.030 172.884 12.498 0.044 0.600 1.152
HV 2338 169.871 12.786 0.050 169.874 12.373 0.029 169.876 11.965 0.027 0.413 0.821
HV 2338 173.838 12.247 0.072 173.841 11.935 0.060 173.845 11.563 0.120 0.312 0.685
HV 2447 167.783 11.936 0.043 167.786 11.295 0.070 167.788 10.772 0.039 0.641 1.164
HV 2447 172.855 12.066 0.022 172.858 11.384 0.073 172.860 10.798 0.061 0.682 1.268
HV 2827 169.845 12.106 0.090 169.847 11.630 0.070 169.850 11.094 0.036 0.475 1.012
HV 2827 173.812 12.140 0.092 173.815 11.553 0.092 173.816 11.060 0.033 0.587 1.079
HV 2883 167.800 12.118 0.072 167.798 11.613 0.052 167.796 11.088 0.022 0.505 1.030
HV 2883 172.869 12.278 0.010 172.866 11.651 0.023 172.864 11.119 0.020 0.627 1.159
HV 5497 172.874 11.912 0.069 172.877 11.307 0.069 172.879 10.687 0.078 0.604 1.225
HV 12815 166.892 13.803 0.044 166.895 13.400 0.069 166.899 12.722 0.026 0.404 1.081
HV 12815 168.845 14.004 0.028 168.837 13.355 0.024 168.832 12.807 0.059 0.649 1.197
HV 12816 166.892 14.250 0.044 166.895 14.005 0.069 166.899 13.698 0.026 0.246 0.552
HV 12816 168.845 14.395 0.028 168.837 14.045 0.024 168.832 13.729 0.059 0.350 0.666
SMC
HV 821 166.629 12.048 0.080 166.632 11.559 0.075 166.634 11.070 0.074 0.489 0.979
HV 821 166.653 12.055 0.040 166.646 11.586 0.029 166.642 11.097 0.029 0.468 0.957
HV 821 167.549 12.066 0.076 167.552 11.564 0.034 167.553 11.074 0.052 0.502 0.992
HV 821 167.564 12.068 0.032 167.560 11.564 0.027 167.557 11.090 0.012 0.504 0.977
HV 821 168.759 12.044 0.032 168.761 11.561 0.032 168.766 11.080 0.009 0.482 0.964
HV 821 169.622 11.999 0.076 169.625 11.533 0.059 169.627 11.097 0.029 0.466 0.901
HV 821 169.646 12.047 0.039 169.638 11.527 0.031 169.632 11.077 0.019 0.519 0.970
HV 821 172.702 11.980 0.065 172.705 11.477 0.046 172.709 11.037 0.047 0.503 0.943
HV 824 167.578 12.232 0.041 167.581 11.792 0.033 167.584 11.451 0.004 0.440 0.782
HV 824 169.771 12.104 0.022 169.774 11.738 0.016 169.777 11.413 0.055 0.366 0.691
HV 824 173.673 12.060 0.025 173.677 11.707 0.018 173.679 11.333 0.008 0.353 0.727
HV 829 166.716 11.869 0.055 166.719 11.343 0.064 166.721 10.905 0.063 0.527 0.965
HV 829 169.737 11.870 0.020 169.734 11.404 0.026 169.732 10.959 0.036 0.467 0.911
HV 829 173.591 11.945 0.043 173.594 11.440 0.038 173.596 10.986 0.038 0.505 0.958
HV 834 166.737 11.959 0.052 166.735 11.590 0.032 166.731 11.247 0.034 0.368 0.711
HV 834 169.742 12.028 0.023 169.744 11.637 0.040 169.746 11.292 0.036 0.391 0.737
HV 834 173.601 12.094 0.036 173.604 11.705 0.023 173.606 11.341 0.019 0.389 0.753
HV 837 167.602 13.556 0.068 167.606 12.911 0.076 167.608 12.397 0.057 0.645 1.159
HV 837 169.807 13.554 0.022 169.810 12.992 0.050 169.813 12.474 0.045 0.562 1.080
HV 837 173.698 13.686 0.039 173.708 13.101 0.030 173.712 12.575 0.028 0.586 1.111
HV 1338 168.780 15.311 0.013 168.788 14.944 0.007 168.794 14.549 0.015 0.367 0.763
HV 1338 169.706 15.449 0.031 169.717 15.045 0.016 169.725 14.657 0.022 0.404 0.792
HV 1338 173.736 14.761 0.028 173.746 14.519 0.016 173.753 14.261 0.018 0.242 0.500
HV 1365 166.629 14.965 0.080 166.632 14.543 0.075 166.634 14.150 0.074 0.422 0.816
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TABLE 1—Continued
Cepheid HJDa V σ HJDa RC σ HJD
a IC σ (V–R)C (V–I)C
HV 1365 166.653 15.011 0.040 166.646 14.605 0.029 166.642 14.179 0.029 0.405 0.831
HV 1365 167.549 15.016 0.076 167.552 14.696 0.034 167.553 14.171 0.052 0.320 0.845
HV 1365 167.564 15.132 0.032 167.560 14.694 0.027 167.557 14.255 0.012 0.438 0.876
HV 1365 168.759 15.254 0.032 168.761 14.788 0.032 168.766 14.315 0.009 0.465 0.939
HV 1365 169.622 15.297 0.076 169.625 14.854 0.059 169.627 14.419 0.029 0.443 0.877
HV 1365 169.646 15.363 0.039 169.638 14.863 0.031 169.632 14.392 0.019 0.499 0.971
HV 1365 172.702 15.222 0.065 172.705 14.781 0.046 172.709 14.427 0.047 0.441 0.795
HV 1365 172.737 15.283 0.029 172.725 14.825 0.015 172.715 14.413 0.032 0.458 0.870
HV 11157 169.763 13.173 0.032 169.759 12.508 0.042 169.754 11.993 0.037 0.665 1.180
HV 11157 173.617 13.176 0.046 173.624 12.556 0.041 173.627 12.018 0.037 0.620 1.158
aAll Julian Dates given as HJD-2448000.
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